During a 2-year period (1995)(1996)(1997), vacuoles were detected in neurons of 21/50 (42% prevalence) raccoons (Procyon lotor) in Oregon. Age or sex predisposition was not apparent. Twenty of these raccoons were from within a radius of 40 km of Corvallis in western Oregon. Microscopically, the vacuoles were variable in size, were in the perikarya, and were consistently present in pontine nuclei. Brain tissues were negative for rabies virus antigen by fluorescent antibody test and for the protease-resistant protein prion by immunohistochemistry. Electron microscopic examination of the brain stem of selected animals revealed accumulation of electron-dense material within neuronal perikarya. Light and electron microscopic examination indicated that the accumulated intracellular material had a high lipid content. These lesions suggest a form of neuronal storage condition. Further research is required to identify the composition of the intracellular lipid material, to elucidate the mechanism of neuronal vacuolation in raccoons, and to understand the basis for the apparent geographic restriction of this lesion.
Raccoons (Procyon lotor) are nocturnal and are widespread throughout North America. They are highly adaptable omnivores and have managed to survive and increase their numbers in many urban and suburban areas. For this reason, they have been used as monitors of zoonotic diseases and environmental contamination. 2, 7 Spongiform changes affecting the neuropil and neuronal cell bodies have been described in experimental and natural cases of rabies in skunks and foxes 3 and in a heifer. 5 Neuronal perikaryonic vacuolation is also seen in scrapie and related spongiform encephalopathes 6 and in lysosomal and acquired storage diseases of various animals. 11 Naturally occurring transmissible spongiform encephalopathy and storage diseases have not been documented in raccoons, but rabies is commonly encountered in raccoons of the eastern United States. However, vacuolation of neurons or the neuropil has not been seen in raccoons with naturally acquired rabies 9 or in raccoons experimentally infected with either a dog or a raccoon isolate of the rabies virus. 10 Recently vacuolation in neurons of 2 raccoons from 2 different geographic locations in the USA has been described. 8 Here, we describe histopathologic changes in 21 additional raccoons from the same geographic area of Oregon from which 1 of the original cases was identified. 9
Materials and methods
During a 2-yr period (Nov 1995-Oct 1997), 67 raccoons were examined at Corvallis, Oregon (USA; 44Њ34ЈN, 123Њ16ЈW) to document baseline pathologic findings. The raccoons were found dead on highways (roadkills, n ϭ 40), were submitted as rabies suspects (n ϭ 2), or were obtained from local wildlife control organizations (n ϭ 25). Those from wildlife control organizations were nuisance animals that were livetrapped, euthanized by intravenous barbiturate overdose, and submitted for necropsy. In the majority of roadkills, the brains were extensively damaged (17 animals). These damaged brains were not included in the study.
Fifty brains were found suitable for this study. Twentysix were from males, and 21 were from females, and in 3 cases the gender was not recorded. Complete postmortem examination was done on 40 raccoons, and only the brain was examined in 10 animals. A sample of cranial cervical spinal cord (n ϭ 9) was collected for fluorescent antibody (FA) test for rabies. Representative tissues of all major organs, including the whole brain and proximal cervical spinal cord, were collected in 10% neutral buffered formalin and processed for routine histology. Only the neuropathologic findings are documented here.
The fixed brains were cut into 3-4-mm-wide coronal sections, and 4 sections, rostral cerebrum (unilateral), caudal cerebrum (unilateral), brain stem at the level of inferior colliculi and extending to the pons, and cerebellum and brain stem at the level of trapezoid body, were processed for routine histopathology. A section of the proximal spinal cord was also processed. Tissue sections were cut at 5 m and stained with hemotoxylin and eosin (HE) for microscopic evaluation. Selected sections of the brain stem were also stained using the periodic acid-Schiff (PAS) reaction and with toluidine blue.
Formalin-fixed brain stems of selected animals with neuronal vacuolation were postfixed with 1% osmium tetroxide to prevent removal of lipid material from the tissues during histologic processing, embedded in paraffin, sectioned at 5 m, and stained with HE.
Paraffin-embedded sections of the brain stems of 6 raccoons with neuronal vacuolation were examined by immunohistochemistry for prion protein (PrP) antigen 12 at 2 dif- Formalin-fixed brain stem from 2 raccoons (Nos. 6, 8, Table 1 ) and fresh brain stem from 1 raccoon (No. 21, Table  1 ) were postfixed/fixed in 2.5% glutaraldehyde in cacodylate buffer and then in 1.0% osmium tetroxide in cacodylate buffer and embedded in Epon-araldite. Thick sections (1 m) were stained with toluidine blue, and selected areas were thin sectioned, stained with saturated uranyl acetate and lead citrate, and examined with a transmission electron microscope.
Results
Light microscopy revealed widespread and prominent neuronal vacuolation in the brain stem of 21/50 raccoons (42% prevalence, Table 1 ). All except 1 of these raccoons were from within a 40-km radius of Corvallis. Four were juvenile males, 3 were juvenile females, 8 were adult males, 5 were adult females, and 1 was an adult with unrecorded gender. Seven were roadkills, and 13 were nuisance animals that were livetrapped and euthanized, and for 1 raccoon, which had bitten a dog, only the head was submitted for rabies diagnosis. Cranial spinal cord sections of 9 raccoons were tested by FA test for rabies virus antigen and were negative (Table 1 ). In all 21 raccoons, the vacuolation was present bilaterally (but not always symmetrically) in neurons of pontine nuclei. Two raccoon brains (Nos. 6, 19) also had vacuoles within the perikaryon of some of the neurons in cerebellar nuclei. The vacuoles were usually circular, of various sizes (up to 40 m in diameter), and present as single or multiple clear areas in the cytoplasm (Figs. 1, 2) . Occasionally the whole neuronal cell body was occupied by a single large vacuole. The vacuoles had sharp margins, and scant eosinophilic homogeneous material was seen in a few vacuoles. This material was negative with PAS and toluidine blue stain. Examination of osmicated sections stained with HE revealed dark black homogeneous material within the cytoplasmic vacuoles ( Fig. 3) . Neuronal degeneration characterized by shrunken, darkly stained cytoplasm was seen in occasional isolated cells in the affected raccoons. In addition to the neuronal vacuolations, 8 raccoon brains (Nos. 1, 2, 5, 7, 8, 11, 20, 21) exhibited mild to moderate nonsuppurative meningitis, glial cell proliferation, or perivascular mononuclear cuffing (Table 1) . Although sometimes these extraneuronal lesions were present in the same section with the neuronal vacuolations, they were located some distance from the affected neurons. None of the raccoons had vacuolar changes in the neurons of the proximal cervical spinal cord.
Immunohistochemical staining of the affected brain sections for the PrP antigen was negative at both laboratories ( Table 1) .
Examination of plastic sections stained with toluidine blue revealed variably-sized globules of various sizes that contained bluish green homogeneous material within the cytoplasm of vacuolated neurons (Fig.  4) . Electron microscopic examination of these globules revealed circular electron-dense homogeneous material that did not appear to be membrane bound (Figs. 5, 6) . The smaller inclusions appeared to aggregate to form the larger electron-dense inclusions.
Discussion
Spongiform changes affecting the neuropil and neuronal cell bodies have been associated with experimental and natural cases of rabies in various animals 3, 5 but not in raccoons. 9, 10 Rabies is not enzootic in the northwestern USA, and brain tissue samples of 9 rac-coons in the present study were negative for the rabies antigen.
One of the histologic hallmarks of scrapie (and related spongiform encephalopathes) is the cytoplasmic vacuolation of neurons. 6 Naturally occurring scrapielike encephalopathy, however, has not been reported in the raccoon, and only 1 report of a successful experimental transmission of a similar spongiform disease, transmissible encephalopathy of mink, has been documented in this species. 4 Although the total number of raccoon brains examined in this study was rather small (n ϭ 50), neuronal vacuolations, which have only recently been de- scribed, were present in over 40% of the examined population. This condition appears to have a low prevalence in the eastern USA, where examination of over 500 live-trapped raccoons revealed only 1 animal with neuronal vacuolation. 8 The higher prevalence of neuronal vacuolation in the Oregon raccoons may be related to differences in the populations of raccoons examined. Because some of the raccoons from Oregon were roadkills, these animals may have had neurologic deficits prior to being hit by automobiles. It would be useful to determine the prevalence of neuronal vacuolation in roadkill raccoons in the eastern part of the country as a comparison. Since raccoons have been introduced into Europe and Asia, 1 it would be interesting to see if the condition is also present in that part of the world.
Neuronal degeneration was not a prominent histopathologic feature in the affected animals. The inflammatory cellular infiltrate was not found in all the raccoons; only 25% of the raccoons had evidence of an inflammatory response (2 with focal gliosis, 5 with meningitis, and 3 with perivascular cuffing), and the inflammation did not appear to be closely associated with the foci of vacuolated neurons. Therefore, the inflammation may have been incidental and not related to the neuronal pathology. This assumption and the presence of intraneuronal electron-dense material (which was removed from the tissue sections during routine histologic processing) indicate that the affected raccoons either had a neuronal storage disease (with material containing a high proportion of lipid) or may have been exposed at some time during their lives to substances that facilitated accumulation of the lipidlike material in the neurons (acquired storage disease). In the present study, however, the lipid-like material did not appear to be membrane bound. Because the raccoons in the Corvallis area do not appear to be restricted by any geographic boundaries, the possibility of an inherited lysosomal storage disease appears to be remote in these animals.
Neuronal vacuolation is a newly recognized condition in raccoons. 8 The negative FA test results for rabies and the PrP antigen in these raccoons and the electron microscopic findings of lipid-like material within the neuronal perikaryon rule out an infectious etiology. Further investigations are required to document the extent, prevalence, source, and etiology of the lipid-like inclusions in the neuronal cytoplasm in this species.
